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(54) LEAD-FREE SOLDER 

(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain solder which has a melting point as low as the melting point of a PbSb 
system and has excellent tensile strength and impact strength by composing the solder of a composition 
containing specific ratios of silver, bismuth and copper and the balance tin. 

SOLUTION: The lead-free solder having the melting point of 187 to 220° C is obtained by specifying its 
composition to the range containing 0.1 to 3 wt.% silver, 3 to 7 wt.% bismuth and 0.5 to 1 wt.% copper and 
consisting of the balance the tin. The silver is effectual in improving the thermal fatigue resistance of the solder 
and the bismuth has an excellent effect of lowering the melting point of the solder. The copper is added to the 
composition in order to improve the thermal fatigue resistance of the solder like the silver. The tensile strength 
and impact strength are preferably balanced by not incorporating the materials exclusive of the materials 
intruding as impurities into the solder. As the form of using the lead-free solder, the lead-free solder is 
preferably used in the form of cream solder, etc., by kneading the lead-free solder classified to, for example, 
about 10 to 75 jam in average grain size with an RMA flux or residue-less flux. 
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JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] Lead-free soldering characterized by including silver 0.1 to 3% of the weight, including copper for a 
bismuth 0.5 to 1% of the weight three to 7% of the weight, and consisting of remainder tin. 



[Translation done.] 
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3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the lead-free soldering used for various kinds of electrical 

machinery and apparatus or the electrical installation of an electronic device. 

[0002] 

[Description of the Prior Art] For example, solder is conventionally used for the electrical part to a printed wired 
board, mounting of an electronic device, the bonding of the reed wire of a semiconductor device, connection 
between an electric wire and a terminal, etc. although the conventional solder had common tin-lead eutectic 
solder (a "SnPb system" is called henceforth) — recent years — reduction of the amount of the problem of 
environmental pollution to the lead used — abolition is promoted further. 

[0003] As an ingredient which replaces the conventional SnPb system, the various proposals of the so-called 

lead-free soldering which added some kinds of metals based on tin are made. For example, each lead-free 

soldering of the SnAg system which contains silver as a principal component instead of lead, the SnBi system 

which contains a bismuth as a principal component, and the SnZn system which contains zinc as a principal 

component is typical. However, although an example of a presentation of such lead-free soldering is shown in 

Table 1, all may produce the fault of the melting point being high compared with a SnPb system, for example, 

giving superfluous thermal stress to a substrate when it uses for mounting of a printed wired board, or melting a 

substrate in being extreme. 

[0004] 

[Table 1] 
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37 
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37.0 
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53 



[0005] On the other hand, there are also many technical problems of the quality and the dependability of a 
solder ingredient, and its case which the soldered-joint section destroys with impacts, such as fall, with carrying 
[ a miniaturization / ]-izing of a device is increasing especially in recent years. Therefore, also when selecting a 
lead-free soldering ingredient, reservation of impact strength is becoming important with the tensile strength of 
the connection which is a general index. 
[0006] 

[Problem(s) to be Solved by the Invention] This invention is made in view of the above situations, and the 
melting point is low to SnPb system extent, and it aims at offering the lead-free soldering from which the joint 
which was moreover excellent in tensile strength and impact strength is obtained. 
[0007] 

[Means for Solving the Problem] Then, both, this invention persons were able to acquire the solder presentation 
which shows a value with balance of tensile strength and impact strength it is low and good and the high melting 
point, when [ to which various metals which replace lead are changed into and the melting point was reduced ] 
the tensile strength and impact strength of the soldered joint section were measured. This invention is based on 
such knowledge. 

[0008] That is, in order to attain the above-mentioned purpose, silver is included 0.1 to 3% of the weight, and 
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this invention includes copper for a bismuth 0.5 to 1% of the weight three to 7% of the weight, and offers the 

lead-free soldering characterized by consisting of remainder tin. 

[0009] 

[Embodiment of the Invention] Hereafter, this invention is explained to a detail with reference to a drawing. The 
lead-free soldering of this invention consists of an amount implication of specification, and remainder tin by 
using silver, a bismuth, and copper as an indispensable component. 

[0010] A silver content is 0.1 - 3 % of the weight. Silver is not desirable when improving the tensile strength and 
impact strength which it is effective in improving the heat-resistant fatigue property of solder, and the 
effectiveness is not acquired in less than 0.1% of the weight of addition, but this invention makes the purpose 
with sufficient balance. On the other hand, in exceeding 3 % of the weight, liquidus-line temperature becomes 
high too much, and low-melt point point-ization which this invention makes the purpose cannot be realized. 
[001 1] Three to 7% of the weight, the content of a bismuth exceeds 3 preferably and is 4.5 % of the weight. Since 
a bismuth is excellent in the effectiveness of reducing the melting point of solder, at less than 4 % of the weight, 
the effectiveness does not fully show up. On the other hand, since it becomes empty and a bismuth has a lifting 
and the property to decrease elongation with brittleness for the maldistribution in a joint, when improving the 
tensile strength and impact strength which such a phenomenon becomes remarkable in combination exceeding 7 
% of the weight, and this invention makes the purpose with sufficient balance, it is not desirable. 
[0012] A copper content is 0.5 - 0.7 % of the weight preferably 0.5 to 1% of the weight. Copper is not desirable 
when improving the tensile strength and impact strength which it is effective in improving the heat-resistant 
fatigue property of solder like silver, and the effectiveness is not acquired in less than 0.5% of the weight of 
addition, but this invention makes the purpose with sufficient balance. Moreover, like silver, a lot of addition 
makes a copper content upper limit 1 % of the weight, in order to realize low-melt point point-ization which is 
the purpose of this invention in order to cause the rise of liquidus-line temperature. 

[0013] The melting point of the solder in the above-mentioned presentation range is 187-220 degrees C, and low 
temperature-ization is attained by even mostly satisfying extent although it is high a little compared with the 
melting point of 183 degrees C of the conventional SnPb system. 

[0014] As mentioned above, in addition to the formation of a low-melt point point, tensile strength and impact 
strength are improvable with sufficient balance by silver, the bismuth, and having carried out the amount 
combination of specification based on tin. Therefore, since such delicate balance will be confused if added 
except the above-mentioned metal, not containing is important except what is mixed as an impurity. 
[0015] As a use gestalt of the lead-free soldering of this invention, what was classified, for example in the mean 
particle diameter of about 10-75 micrometers can be kneaded with liquefied flux, and it can consider as cream 
solder. Although there is no limit in the liquefied flux in this case, RMA flux or non-residue flux is used 
preferably. In addition, as RMA flux, 0.05% or less of thing has desirable chlorinity, and 30% or less of thing has 
desirable formed elements, such as turpentine and an activator, as non-residue flux. 
[0016] 

[Example] An example is given to below and this invention is further explained to it. 

(Preparation of sample offering solder) As shown in Table 2, the loadings of tin, silver, a bismuth, and copper 

were changed, and sample offering solder ** - ** were produced. And it kneaded with liquefied flux, and 

considered as cream solder, and the tension test and impact test which are shown below were presented. 

[0017] 

[Table 2] 
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[0018] (A tension test and impact test) First, as shown in drawing 1 , each sample offering cream solder 3 was 
printed through the resist 2 to the copper plate (tough pitch copper: 20x50x1 mm) 1, and where two of them are 
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piled up, it heated, and each sample A was created. The printing conditions and heating conditions of solder are 

as being shown in Table 3. 

[001 9] 

[Table 3] 
£3 





Pi 2? 




(1) wmmz : 300/zm 

(2) wmm& 








h— > : 160°C 2nin 
tf-*fi_i :240°C 



[0020] And the tension test equipped the fixed end 10 of a tension tester with one copper plate 1a of Sample A, 
as shown in drawing 2 , it pulled copper plate 1b of another side in the direction of drawing Nakaya mark F f and 
measured tensile force when the soldered joint section (part of a sign 3) exfoliates. A test condition is as being 
shown in Table 4. 

[0021] Moreover, the impact test equipped the fixture 21 of an impact tester 20 with one copper plate 1a of 
Sample A, as shown in drawing 3 , where weight 22 (100g) is attached in copper plate 1b of another side, it fell 
the sample stage 23 to the impact-absorbing pad 24, and it measured destructive marginal reinforcement. A test 
condition is as being shown in Table 4. 
[0022] 
[Table 4] 
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[0023] (Test result) The measurement result of tensile strength is shown in drawing 4 , and the measurement 
result of impact strength is shown in drawing 5 . it turns out that solder ** which has [ be illustrated and ] the 
content of silver, a bismuth, and copper within the limits of this invention, and ** are seen synthetically, and it 
excels in tensile strength and impact strength. 
[0024] 

[Effect of the Invention] As explained above, according to this invention, the melting point is low to SnPb system 
extent, and the lead-free soldering from which the joint which was moreover excellent in tensile strength and 
impact strength is obtained is offered. 



[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the perspective view showing the sample used by the tension test and the impact test. 

[Drawing 2] It is a schematic diagram for explaining the test method of a tension test. 

[Drawing 3] It is a schematic diagram for explaining the test method of an impact test. 

[Drawing 4] It is drawing showing the measurement result of tensile strength. 

[Drawing 5] It is drawing showing the measurement result of impact strength. 

[Description of Notations] 

1 Copper Plate 

2 Resist 

3 Cream Solder 
10 Fixed End 

20 Impact Tester 

21 Fixture 

22 Weight 

23 Sample Stage 

24 Impact-absorbing Pad 
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